Introduction
Incidence of liver abscesses in feedlot cattle has been reported to be associated with an abrupt increased intake of high energy feeds (Dinusson et al., 1964; Ellis, Durham and StoveU, 1963; Ellis et al., 1966; Garrigus etal., 1967; Haskins et al., 1967; Jensen 1960) . Smith (1944) suggested that liver abscesses caused by Spherophorus necrophorus were related to ulcerative lesions of the rumen. Jensen, Flint and Griner (1954a) ; Jensen etal. (1954b) 9 produced rumenitis and liver abscesses in cattle and sheep by intraportal inoculation with S. necrophorus. They found at autopsy that 70% of the cattle and 90% of the sheep inoculated by this method contained liver abscesses. Simon and Stovell (1969) defined the role of S. necrophorus as that of a secondary invader in causing hepatic necrobacillosis. Simon and Stovell (1971) reported corynebacteria in 16% and streptococci in 8% of the liver abscesses in their study. Several researchers have demonstrated a reduction in liver abscesses of cattle fed all-concentrate rations by continuous feeding of low levels of antibiotics (Flint and Jensen, 1958; Ellis et al., 1963; Embry et al., 1964; Harvey, Wise and Barrick, 1965; Durham and Pruett, 1966; Ellis et al., 1966; Haskins et al., 1967; Bolsen et at, 1968; Foster and Woods, 1970) .
This study was initiated to evaluate the effect of tylosin phosphate (TP) and tylosin urea adduct (TUA) at 50, 75 and 100 mg per head per day on liver abscesses in feedlot cattle fed high concentrate rations. The effects of TP and TUA on rate of gain and feed efficiency were also evaluated in these experiments.
Experimental Methods
The effects of two forms of tylosin, tylosin phosphate (TP) and tylosin urea adduct (TUA), for the prevention of liver abscesses and performance in fattening cattle have been studied in four feedlot experiments. TP (TYLAN| Premix, Elanco Products Company) is currently being marketed for various uses in swine and poultry feeds. TUA is formed by reacting tylosin with t/rea and it is more stable in the rumen than TP because of the incomplete hydrolysis of the adduct (Massey and Dennen, 1973) . lfxperiment 1. A group of 120 crossbred heifers weighing approximately 470 lb. (213 kg) were assigned to the experiment conducted in west Texas on November 23, 1968. The cattle were individually identified, vaccinated, weighed and allotted to two replications of three treatments by stratified randomization.
The control ration consisted of 91.0% ground milo, 6.0% cottonseed meal and 3.0% vitamin-mineral premix. The premix provided 1085 JOURNAL OF ANIMAL SCIENCE, voi. 37, no. 5, 1973 daily amounts of 10 mg diethylstilbestrol, 50 IU of vitamin E and 50,000 IU of vitamin A. Minerals were also contained in the premix in amounts to meet the requirements as established by the National Research Council (1970) .
The cattle were immediately started on the all concentrate ration by providing feed at the rate of 1 1/2% of their body weight the first day in two feedings. This was increased 1.0 lb. (.45 kg) per head per day until the cattle were on full feed. At that time they were placed on self-feeders and fed ad libitum for the remainder of the 149-day experiment.
Experiment 2. A group of 315 head of Brahma crossbred steers weighing approximately 570 lb. (259 kg) were received in the California feedlot where this experiment was conducted; between July 1 and July 6, 1969. The cattle were individually number-branded, eartagged and received 2 ml IBR vaccine, 2 ml vitamins ADE (A-I,000,000 IU, D-150,000 IU and E-100,O00 IU) and implante.d with two pellets (30 mg) diethylstilbestrol. A total of 262 steers were selected and randomly allotted to eight pens and the experimental treatments 9 were randomly assigned to the pens. The control ration contained 86.5% rolled barley, 5.0% alfalfa pellets, 5.0% molasses, 1.0% feed fat and 2.5% mineral mix. The mineral mix contained 39.0% calcium carbonate, 2.0% diammonium phosphate, 15.0% salt, 5.0% urea (45%N), 39.0% ground milo and traces of cobalt, copper, zinc and manganese. The mineral mix also contained 2,000,000 IU of vitamin A per pound (4,400,000 IU/kg).
The cattle were started on 5.0 lb. (2.3 kg) of feed per head daily and the amount of feed was increased additionally at the rate of 1.0 lb. (.45 kg) per head daffy. It was expected that the cattle would not consume this level of intake continuously. There was a disruption in feed intake, but after about 5 days, consumption increased. It was feared that the cattle had not shown sufficient digestive upset to cause or produce liver abscesses so the cattle were held off feed for 24 hr. after the first 28-day weigh period. The same ration at the same level as the day prior to withdrawal was fed the cattle after the withdrawal period. No digestive upset was noted. Ten days later the same procedure was followed with a 36 hr. feed withdrawal period with no digestive upset. Ten days later the cattle were again held off feed for 36 hours. At the end of the withdrawal period, a full feed of corn was substituted for the barley. Three days later the corn was changed back to barley with no digestive upset observed. The trial was finished without further interrupting the feeding regime.
The experiment was terminated after 151 days and slaughter data collected.
Experiment 3. One hundred and seventy steers averaging 635 lb. (288 kg) and of mixed breeding were brought into this Arizona feedlot. The steers had been in Arizona at least 30 days and fed a hay-cottonseed hull ration prior to arriving in the test facilities. Upon arrival the steers were fed only alfalfa cubes until the experiment was started. Shortly after arrival each steer was eartagged, branded, treated with a pour-on grubicide, injected with vitamin A (1,000,000 IU) and vaccinated with IBR and Blackleg Vaccine. There was considerable variation in type and quality of the steers, thus 160 steers showing the least amount of the Brahma breeding were selected and randomly allotted to eight pens of 20 steers each. The control ration was 93% steam flaked milo, 5% hay and 2% supplement. The supplement ingredients were 31.7% urea (45%N), 49.05% limestone, 12.5% def. rock phosphate, 5.0% trace minerals, 0.5% vitamin A (15,000,000 IU/lb. [6,800,000 IU/kg] ) and 1.25% DES.
Fifteen days after arriving at the experimental facilities the steers were abruptly changed from the all hay ration to the experimental ration. At 7:30 am August 27, 1969, the experimental feeding program was initiated by offering the experimental ration at a level of 8.0 lb. (3.6 kg) per steer daily. On consecutive subsequent days the quantity of feed offered was increased at a level of 1.0 lb. (.45 kg) per steer per day until refusal of feed occurred.
Experiment 4. A total of 329 long yearling crossbred heifers weighing approximately 640 lb. (290 kg) were received from two ranches and processed for this experiment. They were vaccinated for BVD, IBR, Leptospirosis, Blackleg, Malignant Edema and Clostridium sordelli and novyL Each heifer received 125 mg repository diethylstilbestrol IM to induce abortion, a pour-on grubicide and a 15 g thiabendazole bolus for internal parasites. Prior to being assigned to this experiment all heifers had been maintained on native (Montana) grass pasture.
After processing all heifers were individually weighed and 320 heifers were assigned to eight treatment pens.
Self-feeders were filled with sun-cured alfalfa pellets mad the heifers were allowed to adjust to this ration, feeders, waterers and lots for a period of 1 week. The finisher ration contained 80% ground wheat, 10% wheat mill run, 5% sun-cured alfalfa meal and .75% urea (281% equiv, protein), 2.5% feed fat, 1.0% calcium carbonate, .5% salt and .75% vitamin-mineral premix. The premix provided 500 IU of vitamin A and 250 IU of vitamin D per pound (1 I34 IU of vitamin A and 567 IU of vitamin D per kilogram) of total ration plus trace amounts of iron, copper, cobalt, magnesium, iodine, zinc, manganese and sulfur. Experimental treatments were initiated on September 8, 1969.
The cattle were shifted from the all hay ration to 100 lb. (45.4 kg) each of a 60% hay ration followed by 100 lb. (45.4 kg) each of a 30% hay ration and then followed by the finisher ration hsted above.
In Experiments 2, 3 and 4 tylosin activity from TP and TUA was evaluated at levels of 50 mg, 75 mg and 100 mg per head per day. Only the 100-mg-per-head-per-day level for the two forms of tylosin was compared to control cattle in Experiment 1. In all experiments, TP and TUA were incorporated in an intermediate supplement and added to the total daily ration to furnish the appropriate level of antibiotic supplementation.
Exudate from liver abscesses was cultured for bacteria requiring anaerobic, aerobic, or reduced oxygen atmospheres for growth. Using this system, spherophorus, cornybacteria, staphylococci and streptococci could be isolated from the same specimen.
The statistical analysis of the liver abscess data for treatment comparisons was accomplished by the chi-square technique. The analyses for weight gain and feed conversion data were computed by the least squares method for a two-classification model with unequal subclass numbers (Harvey, 1960) . This technique gives the analysis of variance and the adjusted means which are necessary for making treatment contrasts. Orthogonal contrasts of the treatment means were made in the analysis of variance.
Results and Discussion
A number of cattle died or were allowed to become morbid in Experiments 3 and 4 (table 1). Cattle in Experiment 3 developed severe acidosis before they were on a full feed. As a result, 17 steers either died or were removed from the experiment because of their morbid condition.
An atypical form of enterotoxemia occurred in Experiment 4. Symptoms suggestive of anaphylaxis accompanied deaths of several animals. Treatments usually effective in anaphylactic conditions were of no avail. Deaths were not related to experimental treatment.
The overall incidence of liver abscesses in control cattle in the four experiments (table 2) averaged 23.1%. This level of liver abscesses is in agreement with the 24.8% level of abscessed livers reported recently by Foster and Woods (1970) . The anticipated incidence of abscesses did not occur in Experiment 2. Feed was withheld for periods of 24 to 36 hr. on different occasions and was even changed abruptly from barley to corn and back to barley on one occasion in an attempt to produce a digestive upset. There is no explanation for the low incidence of abscesses in Experiment 2. However, it was suggested by feedlot personnel that the cattle were probably considerably older than their weight indicated which might mean that they had previously developed some resistance to liver abscesses.
Data combined from all three levels of both forms of tylosin showed an average of 4.2% abscessed livers for all treated cattle (table 3) . Compared to control cattle 81.8% fewer livers were condemned for abscesses for all treated cattle (table 3-23.1% control vs. 4.2% treated P< .01).
There were no significant differences in incidence of abscessed livers between the two forms of tylosin shown in table 3 (4.8% TP vs. 3.7% TUA). However, there was a level effect respectively. Combining all levels of both forms of tylosin demonstrated a significant increase in average daily gain (P < .05). There were no differences in average daily gain between the two forms of tylosin or among the three levels of each form.
In this study correlation of abscessed livers with average total gain of control cattle revealed that animals with abscesses gained 326 lb. (147.9 kg), whereas animals with no abscesses gained 343 lb. (155.5 kg) (P < .05). Cattle with normal livers gained 17.0 lb. (7.7 kg) more total weight for the feeding period than cattle with abscessed livers. This difference in weight gain agrees with the work reported by Foster and Woods (1970) Madin (1949) and Newsom (1938) . Corynebacterium pyogenes was isolatedin 6 of 13 (46%) of the abscesses in combination with S. necrophorus in Experiments i and 2, and it was considered to play a role in the disease syndrome in these animals. Staphylococci and/or streptococci were also found in combination with spherophorus and/ or corynebacteria in Experiments 1 and 3.
Since there was no significant difference among levels for average daily, gain or feed efficiency, (table 6) the 50-rag level of TP or TUA would be the treatment of choice where abscesses are not expected to be a problem. However, if liver abscesses are expected to be a problem, a greater reduction in incidences of liver abscesses will result with use of the higher level of TP or TUA.
